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]a"TJTUAL AFFINITY BETi'!EEN Till: ''"'AGENER Alffi JONATHAN AP"PLE . 

PREPACE . 

*** 

l. 

This thesis nas been Cl one by Mr . E. A. Hun tine and I.~r . 1 . 

C. Edmundson in orchard number three of t h e Experiment Station 

of the University of Idaho . Owine to the i nclement weat her dur-

inr, t he blossoming period, additional help was necessary to ac-

complish gooa result s . This help 'v"las under t he d i rect s upervis-

ion of the a uthors . I.ir . Veach's orchard was used in collecting 

Jonathan pollen, a s the s npply was inac1 equa te in the Stat ion 

orchards . 

Up to t he pre s ent time s ome commendable work has be en done 

with cross-pollination of the apple , but little or no work has 

been accomplished along tho line o:l mutual affinity o varieties . 

'11he object oi this -chesis is to cl.otermino whether the 1lagor.er anli 

Jonathan apples are oelf sterile O.L' ::;el:L J.ertile , anu Lo as cor-

tai n their at1inity Ior each other . 

~ithin tho scope o~ Gnis tnesis an exhaustive treatment 

OI all oictes oi tnis subject i::3 impocsible , owing Lo the shor!i -

ness oi season in which the trees are in bloss om. 

irorn our e~perimental data we hope some valuable in~ormat -

ion may bo obtaineu for the growers who arc intores-cea in gro ,_ 

ing the .agener ana Jonathan varieties . 
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HIS~~ORY. 

There is very little positive knowledge concerning cross-

pollination ot fruits , and probably no subject connecceu with 

pomology is in greater neea OI aevelopment . It has been only 
.:i'J!M 

a period o:i a few years that "the hor"ticul~;rist has been able ... 
to gain any .lit;nt upon this subject. 

The importance Ol insects in cross-po.llina"tion has been 

touchect upon y many writers . s early as 179~ , u . ~ . Spengel , 

a Li-erman writer , published. a book ent..itlen 11 The ::>ecret oi Jat-

ure in ~ertilization . '' In this ~ork he clearly provea by in-

nume1·a le observations hov,r essential a part in:oects play in "the 

fertilization oi many plants . herman nuller also puolished 

some in"teresting works on Transportation oi Pollen. Probably 

Andrew Knight saw the truth more clearly than o"ther early 

writers , .ror ne remarks ; 11 lTature in"tendecl "tnat a sexual inter-

course shoula ~ake place bet een neigl1boring plants o~ the same 

species . '' He also \Jrote several arLicles on the means by which 

pollen is transported 1rom ilo~er to ilower . 

Darwin wrote many \forks on Iertilization ano. cross-polli-

nation OI plants . .1:1is ·rvork on 'Uross ana .::>eli .!!'ertili?.ation 

in "the Vegetable .Kinguom" "takes up Lne v:ays and. means of fer-

tiliza~ion, and. also the effects oi cross an~ self fer"tili~ation . 

l n his book on 0rigin oi .::>pecies , he says , 11 \/ith all anima.Ls 

ana plants a cross bet\~een different varie"ties or between indi-

viauals oi the same variety , but OI a dilierent strain, p;ives 

vigor and Icrtility to "the o:t'fspring . " 

In late years many o:t' che Agricultural Uolleges of the 

Uni"tea t>tates have taken up this subject and have obtained 
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many llene.Licial :::csul ts . 1. 15. \iait of the U • ..:.> • .Vepa.r·tment 

of Agriculture has uone much to enlighten us on ~his important 

~::moject • .E· •• Waugh , .L • .tl . Bailey, 0 . P . Close , and :5 . ~ . 

Fletcher have pcrlormed experiments in pol!ina~ion . u . 1 . Lewis 

and G. u. incenc o.i !Jhe Oret_5on Agricultur-&fiw\..!ollcge published 
k • • 

a bul.let in in .l!'ebruary 1 <JO<J en tJ i tled "Pollination of "Gne .Apple" 

which gives us a splendid idea of Lhe manner in \Jhich such ex-

periments are carried on . 



OBJECT. 

The pr i mary objects sought i n this work wer e (1) to make 

a sterility tost of t h e \Jagener and Jonathan apple and, (2) 

to determine tho reciprocal- affini_ty 01 cneoe varieties . 

In adU.ition to -vhese de~cerminaliions , l'.fti'l!$"is hoped GhalJ we 

111ay be able to gain some knowlcage oi ·che irn:'llwnce which the 

age of pollen and -r;ne "time it is applied has on its poY:er to 

fertilize Ghe blossoms . 

It is evident that pollen arti.Licially applied is obliged 

I.JO ner1.orm its 1 unc .;ions unuer conui tions whicrt are not ent i re -

ly normal . AlGhout;h every care is exercise , there is a pos­

sibili"ty that , unuer such arti1icial conditions , one or more 

.Lactors ruay cause the failure 01 ti1e ovary to become tertilized . 

These iactors are as 1ollo 8 : ( l} the use of ollen w!lich \JaS 

gatherefi too soon or too late after it has apparently become 

ripe , (~ J kept for too long a Gime after it was gath~red , 

lo) applied at a time when the pistils were not at their high­

est state of roceptivit~ . (4 ) pistils injured by bein~ crowded 

when bacgeu or 'i hen the anthers \,ere removed . Other abnormal 

conai-r;ions whicn may not occur to one noG making a uetailed 

stuay may enter in . This empathizes the necessity of uoing the 

\rork under conuitions which are comparalle , or at least compar­

ing only -r;hose rosul ts which are secured. under comti tions com­

parable . 

lt is iurtner expectea that tnis work will show somo"thing 

oi the iniluencc which reciprocal pollination may have on the 

co l or and quality of the fruit , but ~nis cannot be uetermined 

till Ghe 1ruit ripens , at\ lich time the observation will be 
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i~THODS • 

.MAT.!!:.t:UAL~ U::>.b.JJ.- Two pound. paper bags ror bagging and 

tags for labeling blos::Joms Here ::Jec ureu . .h'ig .llo. l shows the 

-~· ~ equipment used which consisteu of a sm.alk 'p'ai.r oi scissors, 
~~.. ....... ,. 

which were used in tne emasculation of blossoms, anu a srnall 

viol containing a small camels hair brush ann plugred with 

cotton, in Hnich pollen wa::J carried irom che green house. 
I 

.c.tffi~ULJ.LA·.i.'lull .- The :drst operation in making a cro8l::> pol-

lino:tion il::> "Cho removal O.L t te petals ·rom the bud a short 

time ber·ore it is reauy to open. .11·ie;s . .rJos . G ann " e;ive a 

tjOOQ idea as 1i0 flOW "Chis is a.one. 1'he pet;als may not always 

be as completely removed as shovvn but where only a part OI a 

petal remains intact it uoos not interfere with tne operauion 

wnich tollows , Lhat ot removing the anthers . This operation 

is shown in ~ig . ~o . 4 . hen buds ~orkea on were reaa.y to 

open tne rilaments bearin~ tlte anthers wore Iound to be long 

enough so tnat tney could bo emasculated by simply cutting the 

.filar:Jents oft· tar enoueh novm to get all the an-c;hers without 

injuring tite sepals . li , ho"~uever , the bud was emasculated 

while it s-c;ill was more or loss cor.1pact , 1..ne nntnors were re-

movea. by ca-c;cnine thern between the points of the partly open 

scissors ana pulled or stripped. off. After emasculatine , the 

spnr bearinf cne bnns was labeled, shov1'ing cne uate ot cr1ascu-

lation, ana. bagr_·ed. .b'ig . Ho . t1 shows a i.ireo as it appeared. 

a!tor naving been Dorked upon. 
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POLLINATION.- ~he first thing to be done in connection 

\vith this part of the work is to make provision for securing 

the pollen. As the Jonathan blooming period , this season , be­

gan nearly ten days later than that of the.~:agener , it was neces-
r· -~ 

~l ' 
sary , in order to have ripe pollen when m~.J:rded , to gather twigs 

five or six days before it was needed and take them to the ereen­

house where they were placed in jars of water and a l lowed to 

blossom . Fig . 6 shows how the jars containing the twigs were 

covered with hoods to prevent the admixture of foreign pollen . 

It was planned to get pure agener pollen by placing on 

branches bearing a lnrge number of buds, twenty- five pound 

paper bags , but as a strong wind was blowing alnost continually, 

it would have been necessary to take the rranches to shelter in 

order that the pollen could be g~thered . Hence it was fotmd 

to be equally as convenient to provide pollen from the ~agener 

in the same way as the Jonathan pollen was secured . 

It has been found that where the bud is nearly ready to 

open it makes little difference whether the pollen is applied 

at the time of emasculation or later, if done within three or 

four days after the operation . All of the blossoms of the 

agener, which were worked on sometime before they were ready 

to open, were pollinated within three or four days after they 

were emasculated . The larger part of the Jonathan, being 

nearer the blooming period hhen emasculated, were pollinated 

at that time . 

There is , perhaps, a greater difference in the influence 

exerted by the age of the pollen than in the time it is ap-
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plied to the pistils . Therefore all pollen used was collected' 

the day before or on the same day lhich it was arplied . 

STEHIIJITY TEST .- I n conjunct ion with the usual method , a 

somewhat different method was used to make the sterility test 

of the Jonathan ana :7ae;ener varieties . Pf'.t1raps the most com-
k. 

men way of making this determination is by"bag{!in[ the clus-

ters of buds before they open , to urevent fertilization from 

foreign pollen . Another devise thvt has been used to prevent 

fertilization from foreign pollen is that of a cage consisting 

of a lirht frame work covered with a fine cheese cloth , which 

is built around the tree . 

~ith animal breeders there are certain principles of 

breeding , pertaininG to blood relationships , which influence 

fecundity, such as in-and- in breeding and close breedjng . It 

has occurred to us that it would be quite reasonable to expect 

fewer fertilizations to take place , when pollination is restrict-

ed to that of the same tree , than would be the case had the 
tome . 

pollen A from another tree or even from several other trees of 

the stme variety , whjch would be the case were the blossoms of 

the tree not isolated from natural ~ollination . Following out 

this idea, the blossoms on one tree were bagp-ed in the usual 

way , while on another tree the blossoms were emasculated and 

pollinated with pollen taken from another tree . Pollen used 

to make this sterility test on the ~agener was taken from 

another "'! agener tree (no . 26la) while that used for tho Jona-

than was taken from a Jonathan tree in ~r . Veach ' s orchard . 
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DATA AliD :tlliSULTS . 

TABLE I.- STbRILITY TESTS . 

Emas. no .ernas . .B1 rui t Set • 

( 
Tree Var. Or Pol . Pol.Col. or ("'~$--

:No . Bagged . Bagg~~L Uo . Date. 
k..,-.,.,_ r 

266- ~Jag • v/4 5/12 5/11 141 72 5/31 

26 7a rag . 5/5 0elf pollinated . 121 tiO 5/31 

Total . . . 262 122 

349 Jon. b/12 5/12 5/11 15 none 5/31 

369 " 5/lS 5/2 5 5/25 40 " 5/31 

349 II 5/19 5/23 5/23 15 " 5/31 

369 IT 5/19 L/23 5/2~) 20 " b/31 

358 If 5/19 5/23 5/23 30 If 5/31 

342 If 5/8 Self pollinated . 135 2 5/31 

Total • • • 255 2 
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TABLE 2 .- '7AGJo~lmR £.. JO!TATHAlT. 

Pollen --- Fruits Set . 
Tree Vnr. Emas. ITo . 
ro . Applied.Gathered. Emas . no. Date . 

( ''~ir> 
~' ' 

5/5 5/10 5/10 
"" ... "''# 

5/31 265 ~ag . 136 123 

264a " 5/6 5/9 5/9 150 135 5/31 

26l5a II 5/6 5/10 5/10 133 126 5/31 

264 " 5/6 5/9 5/9 124 117 5/31 

Total • • • . 543 501 

TABLE 3 • - lAG ENEP X JOlfATHAN. 

343 Jon . 5/9 5/9 5/9 30 26 5/31 

364 n 5/10 5/11 5/11 130 87 5/31 

367 tt 5/10 5/10 5/10 144 95 5/13 

368 It 5/12 5/12 5/12 108 82 5/13 

365 rr 5/13 5/13 5/12 20 13 r:;/13 

Total • • • . 432 308 

( 

The letter na" follovJing the numerical part of the tree 

number inc1icates the tree next south of the tree which 'bears tho 

numbered tag e.g. Uo . 267a indicates the next tree south of tree 

Ho . 267 . 
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SULT J :B' .0 .• 0TL:.ILITY T .... STS 0 C .OSS - POLLIU.ATION . 

The conclusions which cc.n 1)e drawn from Tables 1, 2, and 

3 are as follows : 

1.- The figures in Table 1 show that . ~~ \'agener is what 
t' • 

would be considered self fertile, as near~ one - half of the 

blossoms \lhich were pollinated with their oim pollen were fer -

tilizecl . 

2 .- From figures in the same table it is evident that ~he 

Jonathan is pr~cticall;, self sterile , only two blossoms out of 

25 having becoMe fertiliryed . 

3 .- The results given in table 1 also shoHs that no etter 

results are secured by pollinating the blossor1s on one tree v,ri th 

pollen from another tree . The figures hich are given in the 

last line of each division of the table are the results from the 

trees pollinated vd th their ov.n pollen . 

4 .- ... ablos 2 and o contain figures which shov.· tlw.t a rmtual 

affinity exists be;tween the Jonathan and ·.agener apples . Jonathan 

pollen on Tiarener llossoms seems to be more potent than ~fener 

pollen on Jonathan blossoms, since the former 92 . 26% of the blos ­

soms pollinated set fruit whil e 70 .13Ya of the latter set fruit . 

5.- From the results secured in this work ~e are warranted 

in believing that it would be advisable to alternate rows of the 

Jonathan with rows of the av,ener to secure More perfect polli-

nation . One row of ~onathan alternated with four or five ro\lS 

of the · agener 1ould rake perfect pollination much More certain. 

It is advisable, hovvevor , to have not less than 2 or 3 rows con-

tiguous, as a sinfle row of one variety alternating with several 
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rows of another variety uou1d make the pathcrinr· of t1 e fruit 

a matter of jnconvenience . The proportion of the number of 

rom of one variety to another non1c of course be determined 

by the preference of the grower. 

( 
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lJATURii.L IHFLU:EHCB ON OTJLHTATION. 

TRANS 0 0RTATI no:· "'OLLEH.- It has been a question Vlith 

many fruit growers for some time just how pollen is transmitted 

from flower to flower in their orchards . It ·hao been discovered 

by careful observa-':;ion and numerous experiments that pollen is 

carried in two principal ways,-- by the action~~( the wind and 
( ' 

by insects . 

The majority of plants are prorably fertili?.ed by the 

visits of insects . Darwin says, ."So necessary are the visits 

of bees to many of our flowers that their fertility is greatly 

diminished if their visits be prevented . " It is practically 

impossible for insects to fly from flower to flo~er and not 

carry pollen from one to the other . The constructions of in-

sect pollinated flowers is conmonly More or less complicated, 

and differs sonewhat from flowers which are pollinated in other 

ways . For example , the Coralla is comMonly prominent and 

highly colored to be attractive to insects . 

llany flowe~s are attractive to insects because of their 

fragrance . Flowers rich in nectar, such as the apple, are very 

attractive to insects . 

Flowers dependjng on wind pollination differ from insect 

pollinated flowers in relative absence of attractiveness, 

nectar and odor . ryind pollination is . common in all orchards to 

so~e extent. The pollen of wind pollinated flowers is generally 

lifht and easily carried by the wind . The influence of wind on 

pollination has been rorked out quite thoroughly by many of 

the exDeriment stations. ~he orer,on AF,ricultural Coller.e has 

made some interesting experiments . 
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. 
EFFECT 0'~~ R.AHP·'ALIJ UPOH POLLINATIOn. - The disastrous ef-

feet of excessive rainfall at bloom time upon the 11 settingn of 

fruit has long been admitted by fruit growers , but few exper-

iments up to date have been made to prove this long accepted 

belief . 
·t'~· .. :l ·;T> 

The New York Experiment Station has ~~~formed experiments 

along this line . In order to produce artificial rainfall, a 

Vermorel nozz el, attached to .an ordinary garden hose connected 

with a hydrant , was used . The no zzel •·as thrust among the 

leaves of the t r ee and the foliage was kept decidedly moist 

during the greater part of the period of treatment . Part of 

the tree was only slightly moist . In their experiment the 

rainfall was kept up for twenty- five days . After the spray 

had been applied for three or four days , the foliag e assumed 

gradually a sickly color and be came spotted with small irreg-

ular grey spots surr ounded by red borders . The petals of the 

flowers were effected in a similar way . At the end of twenty-

one days the anthers of the innermost stamens were plum:p, while 

the outermost ones were swollen and decayed . Afte r the spray 

had been removed many flov>ers with perfect anthers and }) i s tils 

remained presumably capable of self pollination, but only one 

fruit bea ring three seeds was produced . The unsprayed trees 

produced a fair crop of normal fruit . 



Fig.L. bquipment useQ in pollinatin~ Ilo\.ers . 
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bags . 
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